Abstract-Brain
I. INTRODUCTION
Brain computer interface (BCI) aims at providing a new communication way without depending on brain's normal output through nerve and muscle [1] . Real-time interfaces between the brain and electro-mechanical devices could be used to restore people's motor functions whose lost from injury or disease. So the BCI is one of hot issues in the field of brain research, especially motor imagery. EEG signals can be divided into δ(2-4Hz), θ(4-8Hz), α(8-13Hz) and β(13-30Hz) in frequency domain, so there are different methods for classification [2] [3] . In this work, classification is based on the characteristics extracted from ERD and ERS [4] [5] . Because of the As the EEG signal is extremely weak, BCI system need a high-gain amplifier to record the signal.
In these 75 electrodes, the C3 and C4 are most relative to the subject's motor imagery of left and right hand [4] [5] . The event-related desynchronization(ERD) and event-related synchronization(ERS) are used as classification features.
Dataset was provided by Department of Medical
Informatics, Institute for Biomedical Engineering, University of Technology Graz [6] .
This dataset was recorded from a normal subject (female, 25y) during a feedback session. The subject sat in a relaxing chair with armrests. The task was to 
A. Preprocessing of EEG signals
Because there is a lot of random noise in EEG signal, so a suitable filter is necessary.
As the motor imagery occurs at t=3s, which lasts for 6 seconds, so the data of 3s-9s a total of 768 sampling points are used. Because of the ERD and ERS of motor imagery are mainly in the range between 10Hz
and 12Hz in frequency domain [4] [7] , so the signals are filtered by a Butterworth filter, which is designed by
Matlab with FDAtool toolbox.
B. Traditional second-order model
The EEG signals are nonstationary random signals.
For each trial, it is a finite sequence which meets the condition of energy limited. So the method based on EEG's discrete power is widely used. The power P is 
D. Fisher classifier
The general type of linear discriminant function is g (x) is a signed scalar, when g (x) is greater than zero, that for the left hand motor imagery, when g (x) is less than zero, that for the right hand motor imagery. The w and w 0 are obtained through training.
Fisher classifier is based on a projection which can lead the multi-dimensional to one-dimension.
After the projection, the data are in one-dimension space Y, sample average is defined as
The within-class scatter is defined as
The sum of the two within-class scatter is defined as Fisher criterion function is defined as
The w will make the J F (w) as large as possible [9] .
For this experiment of the 140 trials, E C3 and E C4 which come from nonlinear transform are used to train the classifier.
IV. RESULTS
In order to show how s and t influence the classification accuracy, a primary experiment was done which use 140 trials to train and to classify themselves. The results are showed in Table I , which compared with the traditional method.
With the comparison, it is obviously to find that nonlinear transform get a better result, especially nonlinear transform (B).
No. Table II shows the results of classification with SVM which is quoted from reference [10] , and the dataset is the same one used in this paper. The test results of misclassifications are shown in Table III . has a better balance of the two misclassifications.
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C. Further improvement
In a real-time classification process，the optimal s and t will be obtained with training, but the nonstationarity of EEG leads to a decline of accuracy over time. So a further improvement was raised. With a feedback adjustment, the s and t will be adjusted dynamic.
As the EEG signals are extremely weak with noise, and even any prior information of the noise cannot be informed, in this case, an adaptive filter can provide an excellent performance in noise elimination [11] .
VI. SUMMARY
The methods in this paper give nonlinear models for BCI system with low a computational complexity which meet the need of real-time system.
As the methods in this paper take into account of the linear inseparability and the relevance of C3 C4, so the methods get higher accuracy.
The EEG signals are nostationary random signals, so the classification for them relate to many factors like filter design, nonlinear transform methods selection and parameters determination. And any factor can influences the other factors, therefore, in a real-time BCI system, the consideration must be integrated.
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